The ScreeLing is designed to take about 15 minutes to administer and has a simple right-or-wrong scoring system. The test consists of 3 subtests, each with four tasks:
tic deficits, which provides indispensable information for early therapeutic decisions. The ScreeLing was designed as a screening test to detect semantic, phonological and syntactic deficits. The ScreeLing's sensitivity, specificity and accuracy in detecting aphasia and semantic, phonological and syntactic deficits were determined. Methods The ScreeLing was validated in an acute stroke population against a combined reference diagnosis of aphasia (aphasia according to at least two of the following measures: neurologist's judgment, linguist's judgment, Tokentestscore). The three ScreeLing subtests were validated in the aphasic population against the presence or absence of a semantic, phonological and/or syntactic deficit according to an experienced clinical linguist. Results From a consecutive series of 215 stroke patients, 63 patients were included. The ScreeLing was an accurate test for the detection of aphasia (0.92), with a sensitivity of 86 % and specificity of 96 %. Sensitivity of subtests was 62 % for semantics, 54 % for phonology and 42 % for syntax. Specificity was 100 % for semantics and phonology and 80 % for syntax, and accuracy 0.84 for semantics, 0.87 for phonology and 0.64 for syntax. Conclusions The ScreeLing is an accurate test that can be easily administered and scored to detect aphasia in the first weeks after stroke. Furthermore, the ScreeLing is suitable for revealing underlying linguistic deficits, especially semantic and phonological deficits.
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Introduction
There are a number of short aphasia-screening tests that can be used to support clinical judgment, e. g. the Frenchay Aphasia Screening Test (FAST [1, 8] ), the Acute Aphasia Screening Protocol (AASP [4] ) and the Ullevaal Aphasia Screening test (UAS test [15] ). These tests are suitable for use in the hospital: they are short (5-15 minutes) and do not require extensive test material at the bedside. The screening tests are developed for determining the presence of aphasia, but often more detailed information is required. For shorthand communication with colleagues, it may be useful to specify aphasia type (e. g. Wernicke, Broca). However, there is growing evidence that a diagnosis in terms of affected linguistic levels -semantics (word meaning), phonology (word sound), syntax (grammatical structure) -is more useful than aphasia type [9] . A linguistic profile of the patient is needed for adequate referral and for guiding aphasia therapy: the practice standard for the treatment of patients with aphasia following left hemisphere stroke is cognitive linguistic therapy [3], i. e. therapy focused on the affected linguistic level(s). Treatment aimed at restoration of function, as in cognitive linguistic therapy, is argued to be especially appropriate in early acute stages, in order to converge with neural recovery [5] . In addition, it is important that patients and their families are informed about the linguistic pattern of the disorder in an early stage. This information can help them to develop coping strategies in communicative situations as soon as possible.
The ScreeLing [20] was developed as a screening test to measure impairment at the semantic, phonological and/or syntactic level in 15 minutes. In this study, the sensitivity and specificity of the ScreeLing for diagnosing aphasia and linguistic deficits in patients with acute stroke were estimated. The presence and severity of linguistic deficits were described for the patients individually and differences between subtests were computed for the patients as a group.
Methods s Subjects
Patients were recruited from the Rotterdam Stroke Databank, a prospective registry of patients with transient ischemic attack, ischemic stroke or primary intracerebral hemorrhage who are admitted to the Department of Neurology of the Erasmus Medical Center. All patients who were admitted between 1 August 2000 and 1 August 2001 were considered for examination.
Native Dutch speakers who could be assessed between 2 and 11 days post stroke were included. Patients whose symptoms had subsided should have neurological signs on examination, to be included in the study. Patients who were illiterate, mentally retarded or premorbidly demented were excluded, as well as patients who had severe visual or auditory problems.
For the analysis of aphasic patients' subtest-scores, additional stroke patients with aphasia were recruited from a second hospital, the Medical Center Rijnmond Zuid, according to the same inclusioncriteria.
The study was approved of by the local Medical Ethics Committee. All patients gave verbal informed consent prior to their inclusion in the study.
s Materials and Methods
The ScreeLing consists of three subtests -Semantics, Phonology and Syntax -of 24 items each (see appendix). Its sensitivity and specificity in detecting aphasia were determined by comparing the ScreeLing overall-score with a combined reference diagnosis. The reference diagnosis consisted of three measures, as we considered this to result in a more reliable and valid diagnosis than one that is based on only one measure. Patients were labeled with the reference diagnosis of 'aphasia' if they had aphasia according to at least two of the following measures: a) the 36-item version of the Tokentest [6] , an often used and well-validated measure to assess the presence of aphasia, b) the independent judgment of a neurologist (based on clinical examination), c) the independent judgment of a linguist (based on an interview). The linguist and neurologist were blinded to the test results and to each other's judgment. The examiner who assessed the patients with the ScreeLing and the Tokentest, was blind to the judgment of the linguist and neurologist. The ScreeLing was always administered first; the examiner was therefore blind to the Tokentest-score.
The sensitivity and specificity of each ScreeLing subtest (Semantics, Phonology and Syntax) were determined by comparing the subtest-scores of patients with aphasia with the reference diagnosis: the judgment of an experienced linguist. Based on clinical linguistic assessment (not using tasks that were included in the ScreeLing), the linguist decided whether or not the patient had a semantic, phonological and/or syntactic deficit.
s Analysis Agreement within the combined reference diagnosis of aphasia was computed. A global assessment of the performance (or diagnostic accuracy) of the ScreeLing and its subtests was given by the area under the Receiver Operating Characteristic (ROC) curve. Sensitivity and specificity at the optimal cut-off point (i. e. maximizing the sum of the sensitivity and specificity) were determined. Differences between mean subtest scores were computed by means of paired samples ttests.
Results
A consecutive series of 215 patients was recruited from the Rotterdam Stroke Databank (Fig. 1 ). Of these patients, 111 were excluded from the present study, 56 (51 %) of whom were not available for testing between 2-11 days post onset owing to late admission, early discharge or death, 22 (20 %) were non-native speakers, 11 (10 %) had a TIA without neurological signs on admission, 10 (9 %) had premorbid visual or auditory problems, 6 (5 %) refused and 6 (5 %) were excluded for other reasons (dementia, mental retardation etc.). One-hundred-and-four patients were included, but 41 (39 %) of them could not be assessed owing to severe illness (32 patients) or visual-spatial problems (7 patients) or confusion secondary to stroke (2 patients).
A total of 63 patients was assessed. 43 patients were male and 20 were female. Mean age was 62 years (SD 16). Most patients (86 %) had an infarction. Forty-six percent of the patients had a left hemisphere stroke, 43 % a right hemisphere stroke and 11 % a brainstem or cerebellar stroke (Table 1) .
There was high agreement between the neurologist and linguist (kappa = 0.84, p < 0.01) between the Tokentest and the linguist (kappa = 0.86, p < 0.01) and between the Tokentest and the neurologist (kappa = 0.77, p < 0.01).
s ScreeLing overall-score (n = 63)
The median ScreeLing overall-score was 70 out of 72. The optimal cut-off score was 65: patients were classified as aphasic if they scored 65 or less. This resulted in a sensitivity of 86 % and a specificity of 96 %. The area under the ROC-curve (0.92) indicates that the ScreeLing was an accurate test (Fig. 2) .
s Linguistic levels (n = 17)
Fourteen patients recruited from Erasmus MC had aphasia according to the reference diagnosis, i. e. by the Tokentest, the judgment of the neurologist and/or the judgment of the linguist (at least two of these measures). Of one of these patients, the linguistic level reference diagnoses were missing. The other aphasic patients were included into the subtest analyses. Furthermore, four patients with reference diagnosis aphasia were recruited from a second hospital, the Medical Center Rijnmond Zuid. Three patients were female and one patient was male. All had a left hemisphere infarction and mean age was 65 years (SD 17).
Semantics appeared to be the most sensitive, with a sensitivity of 62 % at the optimal cut-off score, as compared with 54 % and 42 % for Phonology and Syntax. Specificity was 100 % for all subtests. Accuracy was high for Semantics and Phonology, as indicated by the area under the ROC-curves (0.84 and 0.87) (Fig. 3) , but for Syntax, the area under the ROC-curve was 0.64 (Table 2) . Five patients (29 %) had a selective deficit: three patients scored below cut-off on Semantics (cases 8-10) and two on Phonology (cases 6 and 7) (Table 3) . Overall, the mean Phonology score was significantly higher than the mean Semantics score (mean difference = 2.17, 95 % C. I. = 0.28; 4.05) and the mean Syntax score (mean difference = 3.17, 95 % C. I. = 1.16; 4.72).
Discussion
In this study, we found that the ScreeLing is an accurate test to detect aphasia between 2 and 11 days after stroke. The ScreeLing, which examines three linguistic levels, is very sensitive and specific and even exceeds aphasia screening tests that are based on a more general approach (FAST [1] , UAS test [15] ). Only two patients (4 %) who failed on the ScreeLing had a reference diagnosis 'no aphasia'. These patients were 4 and 8 days post onset, thus within our group of patients (mean number of days post onset: 5) they were not the patients who were most acute and supposedly most influenced by post stroke confounding variables. Two patients (14 %) had a ScreeLing-score above cut-off (65/72), whereas their reference diagnosis was aphasia. According to the linguist and the neurologist, these patients suffered from mild aphasia. This could not be detected by the ScreeLing, nor with the Tokentest, one of the most reliable tools for diagnosing aphasia [2, 7, 17] . In order to detect mild aphasia, observations of hesitations, self-corrections and performance in stressful situations (e. g. speeded naming) should be taken into account. These aspects were not included in the ScreeLing, because screening tests require unequivocal tasks that are easy to administer and score. Furthermore, there may not be an indication for disorder-oriented language therapy for patients with deficits that remain undetected after formal testing; more research on the recovery pattern of mild aphasia is needed. Aphasia screening tests are applicable for only a limited proportion of acute stroke patients, mainly because many patients either die or recover early. Of the eligible stroke-patients, only 61 % had the mental and physical strength to participate in the assessment in our study, despite the fact that the ScreeLing takes only 15 minutes to administer. Laska et al. [11] could assess a larger percentage of their acute stroke patients (90 %). Perhaps their inclusion was more selective (inclusion criteria were not reported), or less severe patients were admitted to their hospital.
The ScreeLing not only is an accurate test for detecting aphasia, but also provides information on the patients' linguistic abilities. The tests for assessing deficits at the linguistic levels (e. g. PALPA [10] ) that were available so far, are time-consuming and therefore not suitable for use in the early phase of stroke. The ScreeLing consists of three subtests, each assessing processing at one linguistic level: Semantics, Phonology, Syntax. These subtests were validated against the judgment of an experienced linguist with respect to the presence or absence of a semantic, phonological and/or syntactic deficit. Semantics and Phonology point out to have a good diagnostic accuracy. At the optimal cut-off point (i. e. maximizing the sum of sensitivity and specificity), specificity of these subtests is perfect, but sensitivity is relatively low. The best cut-off point for clinical use may differ from the 'optimal' cut-off point, for example if sensitivity is judged to be more important than specificity. For Semantics all task-types (see description in the Appendix) contributed to the diagnostic accuracy (errorrates varied from 12 to 35 %). For Phonology, mainly Phon 1 (repetition) and Phon 2 (reading aloud) were responsible for predicting the presence of a phonological deficit (error rates: 18 and 35 %), whereas Phon 3 (reading backwards) and Phon 4 (auditory lexical decision) turned out not to be very useful (error-rates respectively 65 % and 59 %). The subtest for syntax is less accurate; some patients who have a syntactic deficit according to the linguist, score above cut-off on this subtest. Erroranalysis is needed to obtain more insight into the reasons for discrepancy between the results of the ScreeLing and the judgment of the linguist.A first analysis revealed that for only one task-type within Syntax, Syn 4 (repetition of sentences), the error-rate was low enough (24 %) to be useful for predicting a syntactic deficit; the other question-types had an error-rate of 41 %.
The mean Phonology score was higher than the mean Semantics score and the mean Syntax score. It is possible that Phonology was easier than Semantics and Syntax or less strenuous to patients. Alternatively, phonological deficits may be more rare than semantic and syntactic deficits.At present, data about the frequency of occurrence of linguistic disorders in an early stage of aphasia are lacking. From our patients' subtest scores, we conclude that the performance on the three subtests was diverse, which shows that selective linguistic disorders may be detected already in the acute phase. This finding is in line with a study by Van Zandvoort et al. [18] , showing that neuropsychological screening in the acute phase of stroke may reveal specific disorders.
In conclusion, the ScreeLing is an accurate test for detecting aphasia between 2 and 11 days after stroke. Unlike other screening-tests, the ScreeLing is suitable for revealing deficits at the main linguistic levels, especially semantic and phonological deficits. This is important for guiding early aphasia therapy, the importance of which is increasingly recognized [12, 13] . For the remedying of each of these deficits, well-evaluated therapeutic tools are available [14, 16, 19] . Knowledge of the degree and rate of recovery of each linguistic deficit will affect early therapeutic decisions with respect to which linguistic deficit should be treated and when. In a follow-up study, we are currently investigating the degree and rate of recovery of linguistic deficits from the acute phase of aphasia until 6 months post onset. Subsequently, item analysis will be performed and the ScreeLing will be adjusted to increase diagnostic accuracy.
